Abstract. The general continuum theory has been developed for two-phase flows of fluid with deformable particles, where the micro-deformation of particles and the relative motion between phases have been taken into account [1][2] [3] .
Introduction
One of the most important and complicated aspects of particle-liquid two-phase flows is problem of particle migration. For example, many experiments show that for up-flow in a circular test section the bubbles tend to migrate toward the wall and thus the void fraction profile has a distinct peak near the wall. In contract, for down-How the bubble tend to migrate toward the center of the pipe [4, 5] . The particle migration is observed also in gas-solid particle fiow [6] , and in concentrated suspensions [7, 8] .
Several mechanisms have been proposed to explain theoretically the lateral migration phe~ nomena. For examples, the particle migration in two-phase flows explained by the lift force due to shear stress was analytically derived by Saffman [9] and the lift force due to particle rotation derived by Rubinow and Keller [10] . These forces are extended and included in the equations of motion for every computational particle by applying the Euler-Lagrange approach for numerical simulation of gas-solid two-phase fiow [11] . The constitutive equation for the particle fiux, originally proposed by [12] in one dimension, is implemented in general two-dimensionalllows with arbitrary geometry ·and boundary conditions, and is used for the numerical predictions of particle migration in transient circular and eccentric circular Couette How [7, 8] .
In [1] [2] [3] , by analyzing the forces causing the migration of particles, it can be shown that to describe and pi-edict particle migration phenomena, it is necessary to consider the nonlinear constitutive equations. For this purpose it is assumed that phenomenological coefficient of the non-linear part of the constitutive equations depend to first order on generalized diffusion flux. Moreover, these "generalized migration forces" are of a gyroscopic nature. This means that there is no contribution to the total dissipation of :H.ow energy. Taking into account the macro·isotropy of a mixture, the no· dissipation property of nonlinear part of constitutive equations, and using the theory of isotropic tensors one constructed specialized nonlinear constitutive equations. This ge11eralized developed theory was demonstrated in the case of rigid spherical particle fluid twophase flow. The obtained equation system has been used to study quantitatively the· particle migration in the infinite vertical circular cylinder in result of the constant pressure gradient along the cylinder axis and the gravity force.
In present paper this theory is demonstrated in the case of circular Couette :How.
2. Motion equation system of rotating particle-fluid two-phase flow
In the simplest case of suspension with rotating particle, when the mass densities of particle · and fluid are equal and constant, the motion equations will have following form [1-3]: In (2.1) The specialized nonlinear constitutive equations can be written in the form [1] [2] [3] 10 (2.1)
where a 1 , . , . , a7, f3I -constitutive coefficients. 
D'=O;
In (2.3) the parameter t is characterizing the influence of the ilow boundary on the particle rotation. When t = 0 particle can not be rotated at boundary and when t = 1 particle is rotated with velocity equal the external rotation of ilow.
Steady numerical solution
As a simplest demonstration of the theory, now we are considering the steady circular Couette ilow IFig.1].
In this case the equation system (2.1) -(2.2) can be shown to have the form: The velocity U, the rotation velocity w and the volume concentration <p will be found from the following conditions: Fig. 2 . It is can be seen that boundary condition for particle rotation velocity plays important role in the process of particle migration. Only by the experinlents one can show that is the real value for parameter t. In Fig. 3 It has been shown that the developed generalized diJfusion theory of rotating particle -fluid twoM phase flow can be used to predict the particle migration in suspensions. In the case of circular Couette flow, it can be seen that the rotation velocity of particle, and especially its boundary condition play most important role in the particle migration. Obviously the obtained results are exceptionally qualitative, because many phenomenological parameters have to be found.
